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GENETIC TRANSFORMATION USING A PARP INHIBITOR 

This invention is related to tissue culture of eucaryotic cells and improved 
techniques to obtain genetically transformed eucaryotic cells and organisms, 
such as transgenic plant cells or plants, by lowering the stress reaction of 
cultured eucaryotic cells prior to contacting the cells with foreign DNA, 
particularly by specific inhibition of poly-(ADP-ribose) polymerase. 

Backgroun d tn the invention 

Over the years many techniques for the genetic transformation of higher 
organisms (animals and plants) have been developed. In these techniques it is 
the ultimate goal to obtain a transgenic organism, e.g. a plant, in which all 
cells contain a foreign DNA comprising a gene of interest (the so-called 
transgene) stably integrated in their genome, particularly their nuclear genome. 

Transformation is a complex process which always involves the contacting of 
starting cells with a DNA, usually a DNA comprising foreign gene(s) of interest. 
The contacting of the cells with the DNA is carried out under conditions that 
promote the uptake of the DNA by the cells and the integration of the DNA. 
including the gene(s) of interest into the genome of the cell. 
Starting cells for transformation are usually cells that have been cultured invitro 
for some time. After contacting the cells with the DNA. the transformed cells 
generally need to be cultured invitro for a certain period in order to separate 
the transformed cells from the non-transformed cells and. in the case of plants, 
to regenerate transformed plants from the transformed cells. Indeed, complete 
plants can be regenerated from individual transformed cells thus ensuring that 
all cells of the regenerated plant will contain the transgene. 
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In many plants, genetic transformation can be achieved by using the natural 
capacity of certain Anrobacterium strains to introduce a part of their Ti-plasmid, 
i.e. the T-DNA. into plant cells and to integrate this T-DNA into the nuclear 
genome of the cells. It was found that the part of the Ti-plasmid that is 
transferred and integrated is delineated by specific DNA sequences, the so- 
called left and right T-DNA border sequences and that the natural T-DNA 
sequences between these border sequences can be replaced by foreign DNA 
(European Patent Publication "EP" 116718; Deblaere et al, 1987 
Meth.Enzymol. 153:277-293). 

Certain plant species have proven to be recalcitrant to Aqrobacterium mediated 
transformation and in these species, as well as in animals, genetic 
transformation has been achieved by means of direct gene transfer by which 
DNA is inserted into the cells by physical and/or chemical means, such as by 
electroporation, by treatment of the cells with polyethyleneglycol (PEG), by 
bombardment of the cells with DNA-coated microprojectiles, etc. (WO 
92709696; Potrykus etal, 1991, Annu.Rev.Plant Physiol.Plant Mol.Biol. 42:205- 
225). 

Genetic transformation of eucaryotic cells is generally a random event, i.e. the 
transgene is integrated in the genome at random positions. Often several 
copies (or parts of copies) of the transforming DNA are integrated in a single 
position, and/or at different positions, resulting in a transformed cell containing 
multiple copies of the transgene. 

The expression of the transgene is known to be influenced by its position in the 
genome. For instance, a foreign DNA, when introduced in a plant cell appears 
to integrate randomly in the plant genome. Examination of independently 
transformed plants has shown a high degree of variability (up to 100-fold) in the 
expression level of the introduced gene. Several studies have shown no 
correlation between this "between-transformant variability" and the copy 
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number of the introduced DNA at a given locus. It has been suggested that 
some of the variability in expression of introduced genes in transgenic plants is 
a consequence of "position effects 1 ' caused by influences of adjacent plant 
genomic DNA. Other factors that could contribute to the variability in 
expression are physiological variability of the plant material, differences in the 
number of independent T-DNA loci in different transformants or the inhibitory 
effects of certain T-DNA structures on gene expression. Between-transformant 
variability in expression has been observed for the majority of introduced genes 
in transgenic plants. The variability in expression of many introduced genes in 
independent transgenic plants necessitates large numbers of transgenic plants 
to be assayed to accurately quantitate the expression of the gene. It would be 
of great importance if the amount of between-transformant variability could be 
reduced (Dean et al, 1988, NAR 16:9267-9283). 

If the transgene is under the control of a tissue-specific promoter, with the 
expectation that it will be expressed in selected tissues of the transformed 
organisms, the position effects can lead, at least in some transformants, to 
loss of specificity of the promoter and expression of the transgene in undesired 
tissues, e.g. in tissue cultured in vitro . 

Factors that are known to influence the efficiency and quality of the genetic 
transformation process are the method of DNA delivery, specific tissue culture 
conditions, the physiological and metabolic state of the target cells etc. Direct 
gene transfer methods for instance are generally known to result in 
transformed organisms with a high copy number of the transgene. 
Many of these factors are not under the control of man. 
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Summary of the Invention 

This invention provides a process for producing transgenic eucaryoiic ceils, 
particularly plant cells. The process comprises contacting a culture of 
untransformed cells with an 

inhibitor of poly-(ADP-ribose) for a period of time sufficient to reduce the 
response of the cultured cells to stress and to reduce the metabolism of the 
cultured cells, particularly to reduce the electron flow in the mitochondrial 
electron transport chain. The untransformed cells are then contacted with 
foreign DNA comprising at least one gene of interest under conditions in which 
the foreign DNA is taken up by the untransformed cells and the gene of interest 
is stably integrated in the nuclear genome of the untransformed cells to 
produce the transgenic cells which are recovered from the culture. 

The process may preferably comprise contacting untransformed eucaryotic 
(e.g.) cells with foreign DNA comprising at least one gene of interest under 
conditions in which the foreign DNA is taken up by the untransformed cells and 
the gene of interest is stably integrated in the nuclear genome of the 
untransformed cells to produce the transgenic cells. The untransformed cells 
are cultured in vitro in a culture medium containing an inhibitor of poly-(ADP- 
ribose) polymerase, preferably niacinamide, preferably for at least 2 to 3 days, 
particularly for at least 4 days (e.g. 4-5 days), before the contacting of the 
untransformed cells with the foreign DNA. The inhibitor can in addition also be 
applied to cultured cells that are being contacted or that have been contacted 
the foreign DNA. 

Description of the Invention 

The present invention is based on the observations that poly-(ADP-ribose) 
polymerase (PARP) is an enzyme that is involved in regulating the general 
metabolic state of an eucaryotic ceil and that inhibition of this enzyme can be 
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used to influence the metabolic state of cells which are targeted for 
transformation (or which are being transformed) to increase the efficiency 
and/or quality of transformation. 

In mammalians, PARP is a monomeric nuclear Zn-finger protein of about 116 
kD that is closely associated with nuclear DNA. particularly with actively 
transcribed euchromatic regions (Shah et al. 1995, Anal.Biochem. 227:1-13). 
The protein is normally an inactive enzyme but is known to be activated by 
nicked or otherwise damaged DNA. Active PARP transfers the ADP-ribose 
moiety of NAD+ to various nuclear proteins to synthesize a polymer of ADP- 
ribose bound to these proteins which include PARP itself, polymerases, 
histones, endonuclease etc. The proteins on which such a ADP-ribose polymer 
is synthesized become biologically inactive (de Murcia et al, 1994, TIBS 
19:172-176; Cleaver etal, 1991, Mutation Res. 257:1-18). 
The biological function of PARP is largely unknown but the enzyme has been 
implicated in : 

- enhancement of DNA repair (Satoh et al. 1 992. Nature 356:356-358; Satoh 
et al, 1993, J.Biol.Chem. 268:5480-5487), 

- recombination events : in general inhibition of PARP is observed to inhibit 
illegitimate recombination and to increase intra chromosomal recombination 
but it does apparently not affect extrachromosomal recombination 
(Farzaneh et al. 1988. NAR 16:11319-11326; Waldman and Waldman. 
1990. NAR 18:5981-5988; Waldman and Waldman, 1991, NAR 19:5943- 
5947). 

- regulation of gene expression : inhibition of PARP is observed to decrease 
gene expression (Girod et al. 1991 .Plant Cell. Tissue and Organ Culture 
25:1-12); 

- reducing the amount of available NAD+ (and by consequence its precursor 
ATP) : this results in a general slowing down of cell metabolism (Lazebnik 
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et al, 1994, 371:346-347; Gaal et al. 1987, TIBS 12:129-130; Cleaver et al, 
supra) 

It is known that PARP can be efficiently inhibited by a number of compounds 
(Durkacz et al, 1980, Nature 283:593-596; Sims et al, 1982, Biochemistry 
21:1813-1821). Examples of such compounds are certain pyridine analogs 
such as nicotinamide analoques, including niacinamide, picolinamide, and 5- 
methyl nicotinamide; purine analogs like methylxanthines; thymidine; 
pyrazinamide analogs and many aromatic amides such as many benzamide 
analogs including benzamide, 3-methoxybenzamide and 3-aminobenzamide. 
For the purpose of this invention a PARP inhibitor is generally understood as 
any specific inhibitor of poly-(ADP-ribose) polymerase which can be taken up 
by a eucaryotic cell, particularly a plant cell, and which has a inhibition constant 
(Ki) which is lower than 1x10" 5 , particularly lower than IxlO -6 . Generally it is 
desired that the PARP inhibitor used with this invention be a compound which 
in human lymphocytes, cultured in medium containing the inhibitor at a 
concentration of 2 mM, results in a 80-90 % inhibition of PARP (Sims et al, 
supra) . Generally it is also preferred that cells cultured in medium containing 
the PARP inhibitor retain their capacity of DNA repair. 

Particularly preferred PARP inhibitors are those listed above and especially 
niacinamide (nicotinamide), picolinamide, 5-methylnicotinamide, 2- 
aminobenzamide, pyrazinamide, theobromine and theophylline. Particularly 
niacinamide is believed to be a useful inhibitor for the purpose of this invention. 

Basically the present invention provides a modification of existing procedures 
for the genetic transformation of eucaryotic cells, particularly plant cells, by 
including in the medium in which such cells are cultured a PARP inhibitor such 
as niacinamide, for a defined period of time. In particular the PARP inhibitor is 
added to the culture medium at least 1 day prior to the moment (the "contacting 
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time") at which the cells are contacted with foreign DNA comprising one or 
more genes of interest However, depending on the purpose, the PARP 
inhibitor may also be added to the culture medium during and/or after the 
contacting time or even solely after the contacting time. 

In one aspect of this invention treatment of cultured cells, tissues or organs 
with PARP inhibitors may be used to increase the quality of transformation as 
measured by the copy number of the transgene and by variation in transgene 
expression (quality and quantity) in the transformed cells and in organisms 
obtained from the transformed cells. 

In many conventional procedures for genetic transformation of eucaryotic cells, 
particularly plant cells, cultured cells, tissues or organs will be used as starting 
material and cells in such cultures will be contacted with foreign DNA 
comprising at least one gene of interest (i.e. the transgene) under conditions 
that will promote the uptake of the foreign DNA in the cells and the ultimate 
integration of the foreign DNA into the genome of the cells. 
In one embodiment of the invention it is preferred that a PARP inhibitor is 
added to the culture medium for a period of at least 2-3 days, preferably at 
least about 3 days, prior to contacting the cells with the foreign DNA. The exact 
period in which the cultured cells are incubated in PARP inhibitor containing 
medium is believed not to be critical but should probably not exceed 4 weeks. It 
appears that 2-14 days, particularly 3-10 days, is an optimal period and best 
results were obtained with an incubation period of approximately 4 to 5 days 
prior to the contacting time. Generally it is believed that 4 days is a useful 
period for the PARP inhibitor to be added to the culture medium prior to the 
contacting time. 

The concentration of the PARP inhibitor in the medium is also believed to have 
an effect on the inhibition of PARP, which varies depending on the nature of 
the cells (species, tissue explant, general culture conditions, etc.) However, 
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within certain concentration ranges, the effect is minimal, especially when the 
cultured ceils are not incubated for longer than 14 days. The optimal 
concentration range of PARP inhibitor in the medium may vary depending on 
the species from which the tissue, cell or cell culture is derived, but 250 mg/l 
(about 2 mM) is believed to be a suitable concentration for many purposes 
(e.g. for use with material derived from wheat). However, when nicotinamide is 
used in combination with plant material derived from rice, the concentration of 
nicotinamide should preferably be between 500 mg/l (about 4 mM) and 1000 
mg/l (approx. 8 mM). On the other hand, when nicotinamide is used in 
combination with plant material derived from com, the concentration of 
nicotinamide should preferably be 100 mg/l. Likewise, a concentration of 100 
mg/l is already effective for wheat-derived plant material, but higher 
concentrations may be used. The optimal concentration will depend on the 
nature of the specific PARP inhibitor used, particularly on its strength of 
inhibition (as measured by its Ki and/or by its percentage inhibition of PARP 
under standard conditions - Sims et al, supra) . It was found for instance that 
the optimal concentration for nicotinamide is approximately 250 mg/l (i.e. about 
2 mM) but it is believed that concentrations up to 1000 mg/l (approx. 8 mM) 
and as low as 150 mg/I (approx. 1.25 mM), even as low as 100mg/l can be 
used to good effect. Preferably the nicotinamide concentration should be 
between 200 and 300 mg/l, i.e. between approximately 1.5 mM and 2.5 mM. In 
similar conditions, the optimal concentration for more potent PARP inhibitors 
such as 3-methoxybenzamide is about 0.5 mM, but it is believed that 
concentrations up to 2 mM and as low as 0.1 mM can be used to good effect 
Similar concentrations apply to other PARP inhibitors. 

If incubation times of longer than 14 days are used it is believed that the PARP 
inhibitor concentration should be reduced below 2 mM (e.g. between 0.5 mM 
and 1 .5 mM and particularly approximately 0.8 mM). 
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For other PARP inhibitors optimal concentrations can be easily established by 
experimentation in accordance with this invention. 

During transformation it is not known whether the integration of the DNA into 
the genome of the cell occurs immediately after uptake of DNA by the cell. It 
may very well be that the foreign DNA exists as free DNA within the cell for a 
certain period after the contacting time. Therefore cultured cells may be further 
incubated in medium containing a PARP inhibitor during and, for a limited 
period of time after, contacting the cells with the foreign DNA. Again the length 
of the incubation period is not critical but is preferably 2-10 days, particularly 
approximately 4 days. It is preferred that the inhibitor concentration of the 
PARP inhibitor in the culture medium after the contacting time should be below 
2 mM, between 0.8 and 1 mM. If the cells that are to be transformed are not 
obtained from a cell or tissue culture (e.g. when intact tissue of an organism is 
contacted directly with DNA, as for example described in WO 92/09696) the 
PARP inhibitor may still be applied to the target cells prior to the contacting 
time but the addition of the PARP inhibitor to the culture of the transformed 
cells during or after the contacting time is preferred. 

As indicated above, PARP inhibitor treatment of cultured cells for at least 2-3 
days increases the quality of transformation. Indeed the number of copies of 
the foreign DNA is expected to be generally lower and variation in expression 
profile (level - i.e. the quantity - of expression as well as spatial and time 
distribution - i.e. the quality - of expression in the transgenic organism) of the 
gene(s) of interest in the foreign DNA, due to position effects, is decreased. 
However, at least in this aspect of the invention, the efficiency of transformation 
can be decreased. The efficiency of transformation as used herein can be 
measured by the number of transformed cells (or transgenic organisms grown 
from individual transformed cells) that are recovered under standard 
experimental conditions (i.e. standardized or normalized with respect to amount 
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Of cells contacted with foreign DNA, amount of delivered DNA, type and 
conditions of DNA delivery, general culture conditions etc.). 
Therefore it is preferred that the invention is used with transformation 
procedures that already have a high efficiency, such as Aarobacterium 
mediated transformation of dicots and direct gene transfer in monocots, 
particularly cereals (e.g. electroporation or particle bombardment of compact 
embryogenic callus in cereals - see WO 92/09696). Indeed these 
transformation procedures are generally highly efficient but the quality of 
transformation is generally poor. Position effects are large and, especially with 
direct gene transfer, the copy number of the transgene is often exceptionally 
high making analysis and selection of optimal transformants, as well as further 
breeding with the transformants, difficult. 

In another aspect of this invention treatment of cultured plant cells for a short 
period of time (i.e. 1 day to maximally 2 days) prior to, or after contacting the 
cells with DNA may be used to increase the efficiency of Aarobacterium 
mediated transformation of plant species, such as many monocots, particularly 
the major cereals such as wheat and com, for which this method is generally 
inefficient. It is believed that treatment of cultured plant cells during the 
contacting time may result in a lower tranformation efficiency, and might 
therefore not be suitable for this aspect of this invention. Likewise, it is believed 
that for the purpose of this aspect of the invention, the optimal treatment with a 
PARP inhibitor is 1 day to maximally 2 days prior to the contacting time, or 
alternatively 1 to maximally 2 days after the contacting time. In this 
embodiment of the invention the contacting of the plant cells with the DNA 
should of course be understood as contacting the cells with an appropriate 
Agrobacterium strain harboring an artificial T-DNA containing the foreign DNA 
with the gene(s) of interest. In this embodiment of the invention the quality of 
transformation is expected not to be affected but this is generally deemed to be 
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of lesser importance since Aorobacterium mediated transformation, being a 
biological process, already results in a generally low copy number of the 
transgene in the transformed plant cells. 

In accordance with this invention the addition of PARP inhibitors, such as 
niacinamide, to the culture medium of eucaryotic cells, can be used in 
combination with any known transformation procedure that requires cells, 
tissues or organs cultured in vitro as starting cells to be contacted with foreign 
DNA. The process of this invention is thus generally identical to existing 
conventional transformation methods except for the fact that at some times 
during the tissue culture of the cells, a PARP inhibitor is added to the culture 
medium. 

The cell of a plant, particularly a plant capable of being infected with 
Aqrobacterium such as most dicotyledonous plants (e.g. Brassica napus) and 
some monocotyledonous plants, can be transformed using a vector that is a 
disarmed Ti-plasmid containing the gene(s) of interest and carried by 
Aqrobacterium . This transformation can be carried out using conventional 
procedures (EP 0,116,718; Deblaere et al, supra : Chang et al, 1994, The Plant 
Journal 5:551-558). Preferred TVplasmid vectors contain the foreign DNA 
between the border sequences, or at least located to the left of the right border 
sequence, of the T-DNA of the Ti-plasmid. Of course, other types of vectors 
can be used to transform the plant cell, using procedures such as direct gene 
transfer (as described, for example, in EP 0,233,247), pollen mediated 
transformation (as described, for example, in EP 0,270,356, PCT patent 
publication "WO" 85/01856, and US patent 4,684,611), plant RNA virus- 
mediated transformation (as described, for example, in EP 0,067,553 and US 
patent 4,407,956) and iiposome-mediated transformation (as described, for 
example, in US patent 4,536,475). Cells of monocotyledonous plants such as 
the major cereals including com, rice, wheat, barley, and rye, can be 
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transformed (e.g. by electroporation) using wounded or enzyme-degraded 
intact tissues capable of forming compact embryogenic callus (such as 
immature embryos in com), or the embryogenic callus (such as type I callus in 
com) obtained thereof, as described in WO 92/09696. In case the plant to be 
transformed is com, other recently developed methods can also be used such 
as, for example, the method described for certain lines of com by Fromm et al. t 
1990, Bio/Technology 8:833; Gordon-Kamm et al., 1990, Bio/Technology 2:603 
and Gould et al., 1991, Plant Physiol. 95:426. In case the plant to be 
transformed is rice, recently developed methods can also be used such as, for 
example, the method described for certain lines of rice by Shimamoto et al., 
1989, Nature 338:274; Datta et al. t 1990, Bio/Technology 8:736; and 
Hayashimoto et al., 1990, Plant Physiol. 93:857; Hiei et al, 1994, The Plant 
Journal 6:271-282). 

The transformed cell can be regenerated into a mature plant and the 
resulting transformed plant can be used in a conventional breeding scheme to 
produce more transformed plants with the same characteristics or to introduce 
the gene(s) of interest in other varieties of the same related plant species. 
Seeds obtained from the transformed plants contain the chimeric gene(s) of 
this invention as a stable genomic insert. Thus the gene(s) of interest when 
introduced into a particular line of a plant species can always be introduced into 
any other line by backcrossing. 

In animals pluripotent embryonic or somatic stem cells can be used as target 
for transformation (Capecchi et al, 1989, TIG:5:70-76). 

The transformed cells and organisms of any plant or animal species, produced 
by the process of this invention, contain the foreign DNA as a stable insert in 
their genome, particularly in regions of the genome that remain transcriptionally 
active in the untransformed cells that have been exposed to a PARP inhibitor in 
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accordance with this invention. As described above it is believed that in cells 
treated with a PARP inhibitor for at ieast 3 days, particularly for at least 4 days, 
only a limited number of genomic regions will remain transcriptionally active. In 
this regard the transformed cells, obtained with this process of the invention, 
will be characterized by having the foreign DNA integrated in a limited number 
of genomic regions. That the transformed cell or organism was obtained by this 
process of the invention can thus be easily ascertained by 1) culturing 
transformed cells or tissues under conditions that are similar as those in which 
the untransformed cells or tissues were grown or incubated prior to the 
integration of the foreign DNA in the genome (i.e. incubating in medium 
containing 250 mg/l niacinamide for 4-5 days prior to the contacting time), and 
2) monitoring the expression of at least one transgene in the foreign DNA that 
is expected to be expressed under normal tissue culture conditions (i.e. a 
selectable marker gene under the control of a promoter that directs expression 
in tissue culture). Under the above conditions the transformed cells or tissues 
of this invention express the relevant transgene in the tissue culture at 
essentially the same levels whether or not a PARP inhibitor is present in the 
culture medium. It is thus expected that, for instance after 4-5 days of culturing 
of the transformed cells in medium containing the PARP inhibitor, mRNA levels 
are not signicantly decreased, i.e. do not become lower than 75%, preferably 
not become lower than 90%, when compared to the mRNA levels observed in 
cells cultured in medium not containing the inhibitor. Indeed, if the relevant 
transgene js integrated in other regions of the genome (i.e. in regions that are 
normally not transcriptionally active in cells treated with PARP inhibitor 
according to this embodiment of the invention), the expression of the relevant 
transgene is considerably reduced after incubation of the cells in medium 
containing the PARP inhibitor for at least 3 days, e.g. 4-5 days (i.e. mRNA 
levels will drop below 75%, particularly below 50%, more particularly below 



WO 97/06267 




PCT/EP96/03366 



- 14 - 

30%) when compared to the mRNA levels observed in cells cultured in medium 
net containing the inhibitor). 

The method of the present invention can in principle be used to transform 
eucaryotic cells with any foreign DNA. Generally the foreign DNA comprises at 
least one gene of interest comprising 1) a promoter region with a promoter 
capable of directing transcription of DNA into a RNA in cells of the eucaryotic, 
e.g. plant species that is to be transformed and 2) a coding region coding for a 
RNA or protein. Most often the gene of interest will also comprise 3) a 3* 
untranslated region of a eucaryotic gene containing a polyadenylation signal. 
The promoter can be selected to direct expression in selected tissues of the 
eucaryotic organism. Such a tissue-selective promoter is not expected to direct 
expression in other non-selected tissues. For instance promoters are known 
that direct expression selectively in stamen tissues of a plant and such 
promoters have been used to produce male sterile plants and other plants 
useful for producing hybrids (EP 344029; EP 412911; WO 9213956; WO 
9213957; Mariani et al, 1990, Nature 347:737-741; Mariani et al, 1992, Nature 
357:384-387). 

It is believed that the method of the present invention is particularly useful to 
transform eucaryotic cells with at least one gene of interest comprising a 
tissue-selective promoter, such as a stamen selective promoter, especially if 
expression of the gene of interest in the organism, such as a plant, outside the 
selected tissues (where the tissue-selective promoter is active, i.e. directs 
expression) is undesired for example because the gene product (for instance a 
protein such as a ribonuclease, e.g. bamase) is capable of killing or disabling 
the cells in which they are produced. In such cases expression of the gene of 
interest in tissue culture, or in non-selected tissues of the organisms can 
negatively affect the quality as well as the apparent efficiency of transformation. 
When the method of this invention is used, the overall efficiency of 
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^formation may be reduced but me average <,ua.Ky of transfonnatton ,is 
expected to be signified improved because of lower copy number of the 
gene of interest in the genome of the transformed ce.,s and because of 
reduced position effeds i.e. the genera, integration of the gene of interest ,n me 
genomes at locations mat minimally affect me transcriptional propert.es of me 
promoter of the transgene. 

The foreign DNA used in the method of this invention generally also compnses 
a selectable marker gene the expression of which allows the selection of 
transformed cells (or organisms) from non-transformed cells (or organisms). 
Such selectable marker gene generally encodes a protein that confers to the 
cell resistance to an antibiotic or other chemical compound that is normally 
toxic for the cells. In plants the selectable marker gene may thus also encode a 
protein that confers resistance to a herbicide, such as a herbicide compnsmg a 
glutamine synthetase inhibitor (e.g. phosphinothricin) as an active ingred,ent. 
An example of such genes are genes encoding phosphinothricin acetyl 
transferase such as the sfr or sfiv genes (EP 242236; EP 242246; De Block et 
al, 1987 EMBO J 6:2513-2518). 

The inventors also found that the initial reaction of cells, particularly cells 
contacted with PARP inhibitors, is a stress reaction which enhances free 
radical production by the cell. However, this stress only lasts for a limited penod 
of time after which further contact with the PARP inhibitor causes a decrease .n 
cell metabolism, particularly a decrease in electron flow in the mitochondnal 
electron transport chain. Therefore, the invention also relates to a new method 
to assess the agronomical fitness of a population of transformed plants to 
determine in which lines the plants have a foreign DNA integrated in the.r 
genomes in a way that agronomical performance is not or substantially not 
affected. The assay is based on comparative reaction of transgenic cells and 
corresponding untransformed controls to stress conditions. 
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The method comprises exposing the transgenic cells to stress conditions which 
induce the production of free radicals in the tissues or the cells, measuring the 
amount of free radicals produced in the transgenic cells with the amount of free 
radicals produced in control cells exposed to similar stress conditions. 
Preferably the cells of the transgenic organism to be assayed are exposed to 
stress conditions by being treated with a substance which induces increasing 
osmotic and/ or salt stress on the cells. 

The properties of PARP inhibitors, such as niacinamide, to enhance free 
radical production in cells incubated with the inhibitor for not longer than 2 
days, preferably not longer than 1 day, can be used to assay the (relative) 
fitness of a population of transgenic eucaryotic organisms, particularly plants. 

The term fitness used herein is intended to designate the agronomical 
performance of a population of plants, as measured for instance by its yield 
(e.g. its seed yield) as compared to a given reference population. Agronomical 
performance is generally thought to be correlated with the general resistance of 
the plants to a range of stress conditions which are likely to be encountered in 
the field locations where the plants are normally grown. For any population of 
transformed plants (i.e. a transgenic line) the relevant reference population is a 
population of untransformed plants of the same variety. 

It is known that in transformed plants and other organisms transgene 
expression may be qualitatively and quantitatively influenced by the genomic 
domain in which the transgene(s) are integrated, that undesired transgene 
expression may interfere with cell metabolism (e.g. when the transgene 
encodes a cytotoxic protein), that mutations may be induced in the transformed 
organism either by somaclonal variation or by insertional inactivation of 
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endogenous genes by the transgene(s), or that expression of endogenous 
genes may be deregulated by sequences in the foreign DNA. As a 
consequence many transformed lines may not be agronomically useful. 
The assay of this invention will for example allow to identify a line (i.e. a group 
of genetically similar plants) of transformed plants that have the transgene(s) 
integrated in regions that minimally affect the fitness of the plants, thus 
avoiding the extensive laboratory, greenhouse and/or field evaluations which 
are normally required to identify the transformants with the best agronomical 
properties. 

The assay in accordance with this invention essentially comprises the 
incubation of cells or tissues of transformed plants of a particular transgenic 
line (e.g. callus, hypocotyl explants, shoots, leaf disks, whole leaves etc.) 
preferably with a PARP inhibitor (although for some plant species this is not 
necessary) under a range of conditions which induce the production of a 
different amount of free radicals in the tissues. An incubation time of 
approximately one day is normally sufficient to generate the desired amount of 
free radicals. Appropriate controls, i.e. untransformed tissues obtained from 
untransformed plants at the same developmental stage and grown in the same 
conditions as the transformed plant from which the transformed tissue was 
obtained, are subjected to the same treatment Preferably the untransformed 
line is identical to the transgenic line except for the presence of the 
transgene(s). 

For each plant line (control or transformant) it is preferred that a number of 
plants is assayed. 



Useful conditions for the incubation of the untransformed and transformed 
tissues are those which induce increasing osmotic and salt stress in the 
incubated cells or tissues. For example a series of buffers with different salt 
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concentrations containing a PARP inhibitor can be made. A useful buffer series 
is a K-phosphate buffer containing 2% sucrose and 250 mg/I niacinamide in 
which the K-phosphate concentration is increased from anywhere between 10 
to 80 mM (e.g. in steps of 5 mM, i.e. 10, 20. 25, 30, 35, 40, 45, 50, 55, 60 
mM). The K-phosphate concentrations will induce mild but increasing salt and 
osmotic stress in plant cells. The niacinamide in the medium further enhances 
radical production and stress on the plant cells. The range of K-phosphate 
concentrations used will depend on the natural sensitivity of the plant species 
(or if desired the plant line) to the salt and osmotic stress. In sensitive plant 
species, which will not tolerate high salt stress, the maximum K-phosphate 
concentration may for instance be 50 mM, in less sensitive species this 
maximum K-phosphate concentration can be increased up to 70 or 80 mM or 
even higher. For each plant species the minimum and particularly the 
maximum salt (e.g. K-phosphate) concentration can be determined 
experimentally for an untransformed line - the only requirement is that at all 
concentrations used the plant tissue remains viable. Although the addition of a 
PARP inhibitor to the medium, such as niacinamide, is preferred it is not 
required for assaying plant species that are very sensitive to salt and/or 
osmotic stress. 

After the one day incubation the capacity of the transformed and control tissues 
to reduce 2,3,5-triphenyltetrazolium chloride (TTC) is measured e.g. by the 
following procedure which is modified from Towill and Mazur (supra): 

incubate the tissues for 1 to 4 hours in K-phosphate buffer (pH 7.4) 

containing 10 mM TTC and 0.1 % Tween20. As a control similar plant 

material is incubated in the same buffer withour TTC. 
- extraction of reduced TTC (e.g. freezing at -70°C followed by thawing at 

40°C and shaking the plant material in ethanol for 45-60 minutes) 
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- spectrophotometry quantification of reduced TTC at 485 nm (optical 
density OD485; for chiorophyil poor plant material) or 545 nm (OD545; for 
chlorophyll rich plant material). The O.D. of the control extract is subtracted 
from the OD of the TTC-reacted extracts. In the above conditions 0.1 mM 
reduced TTC corresponds to an OD485 of 0.214 or ODms of 1.025 (light 
path 1 cm). 

- the reducing capacity of the transformed plant line is compared to that of 
the control line. 

The amount of reduced TTC is determined by the intensity of the cytochromal 
and alternative respiratory pathways and the radical concentration in the 
tissues which, in turn .are determined by the presence of mutations, the 
expression of genes affecting the metabolic activity of the plant cells, the 
developmental stage and the reaction of the tissue to external factors, such as 
stress factors. 

The TTC reducing capacity (as for instance measured by the O.D. at 485 nm) 
for tissues incubated at high salt concentration (TTC-high) is expressed as the 
percentage of the TTC reducing capacity of the tissues incubated at a low salt 
concentration (TTC-low); in other words a TTC-ratio value is calculated as 
follows: 

TTC-ratio = TTC/high.100/TTC.Iow. 
The value of TTC-ratio is a measure of the fitness of a plant line as compared 
to a control line. 

The determination of TTC-low and TTC-high will depend on the sensitivity of 
the plant species to the applied salt stress. Usually TTC-low will correspond to 
a salt concentration between 10 and 25 mM K-phosphate, e.g. at 20 mM while 
TTC-high will correspond to a salt concentration between 50 and 80 mM K- 
phosphate. The only requirement is that TTC-high should be significantly lower 
than TTC-low: preferably TTC-high should be lower than 50% of TTC-low, 
particularly lower than 30% of TTC-low. For instance for Brassica napus. TTC- 
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low and TTC-high can be typically obtained from tissues incubated at 
respectively 20mM and 60 mM K-phosphate buffer containing 250 mg/i 
niacinamide. TTC-high and TTC-low. for both the transformed and 
untransformed line, will usually be an average obtained from several 
measurements taken on a number of tissue explants from a number of plants 
of each line. For instance for each line of Brassica napus about 32 leaf discs 
(diameter 1 cm) from 8 different plants (i.e. about four leaf discs per plant) can 
be assayed to determine 32 TTC-high and 32 TTC-low values which are 
averaged to obtain the TTC-high and TTC-low values used for the calculation 
of TTC-ratio. Other examples of sample sizes which have been used are 35 
shoots from Arabidopsis thaliana .or 150 hypocotyl explants derived from about 
25 seedlings of Brassica napus . 

Transformed lines with a value of TTC-ratio which does not deviate more than 
20%, preferably not more than 10% of the TTC-ratio value of the control line 
are selected. These lines are likely to have the transgene(s) integrated in 
regions that minimally affect the fitness of the plants. 

It is clear that additional information considering the fitness of the plant material 
studied can be obtained by comparing the TTC-reducing capacity of the plant 
material in absence of a PARP-inibitor with the TTC-reducing capacity of the 
plant material in the presence of a PARP-inibitor for each experimental point of 
the buffer series mentioned above. 

While the TTC-reduction assay is especially suitable for the identification of 
transgenic plants, where transgenes are integrated in regions that minimally 
affect the fitness of the plants, this test can also be succesfully applied to 
discriminate mutant plants, ceils or cell lines from the wild-types. 
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The TTC-reducing assay can further be used in a modified way to determine 
the quaiity and the fitness of plant material, for example plant material to be 
used in transformation experiments (i.e. whether particular plant material, e.g. 
explants, is suitable as starting material). To this end the TTC-reducing assay 
can be adapted for example in the following way: 

1. A sample of the plant material to be tested for its suitability for 
transformation, is incubated for one day in plant culture medium or a 
buffer containing 2% sucrose and a K-phosphate concentration ranging 
between 10 and 80 mM, typically around 25 mM, to which a suitable 
amount of a PARP inhibitor, such as niacinamide has been added. For 
niacinamide, a preferred concentration to be used is 250 mg/L, although 
concentrations as low as 100 mg/L and as high as 1000 mg/L may be 
used. A comparable control sample of the same plant material is 
incubated under similar conditions without PARP inhibitor. 
2. After one day of incubation the capacity of the plant material incubated 
with PARP inhibitor and the control plant material to reduce TTC is 
measured by the procedure described above. 
The TTC reducing capacity (as for instance measured by the O.D. at 485 nm) 
for plant material incubated with PARP inhibitor (TTC-INH) is compared with 
the TTC reducing capacity of the control plant material incubated without PARP 
inhibitor (TTC-CON) and a ratio (E) is calculated as follows: 

E = TTC-INH /TTC-CON 
The value E is a measure of the quality and fitness of the plant material, for 
example explants to be transformed. It is believed that those tissues, wherein 
the E value is larger than or equals 1, are healthy tissues, which are particularly 
suitable as starting material for transformation. 

The modified TTC-procedure thus allows to select those types of (cultured) 
plant material especially appropriate for use in a transformation procedure, 
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particularly the procedures of this invention that include the use of a PARP 
inhibitor. 

As the quality of plant material will also be affected by the particular culture 
conditions used prior to transformation (especially cells, tissues or explants 
derived from plants recalcitrant to transformation)the assay of this invention is 
further useful to identify suitable culture conditions to obtain suitable starting 
plant material. Thus it has beeen found by the inventor that, when curturing 
plant material from com, it is preferred to include proline, preferably at a 
concentration of about 8mM, simultaneously with the PARP inhibitor, in the 
culture medium. 

As already mentioned, incubation of cells or tissues in the presence of a PARP 
inhibitor for longer than 1 to 2 days leads to a general reduction in cell 
metabolism, particularly a reduction in the electron flow in the mitochondrial 
electron transport chain (after the initial increase, characteristic of healthy cells 
or tissues, during the first day). The period of time required to reduce the 
metabolism to an optimal level (for the purpose of improving the qualitative 
aspect of transformation) is that period after which a decrease in TTC-reducing 
capacity between 20% and 50%, preferably between 30 % and 40%, 
particularly about 35%, is achieved for plant material incubated with a PARP 
inhibitor (e.g. niacinamide) when compared to control plant material incubated 
without the PARP inhibitor (i.e. the period after which the E value is between 
0.5 and 0.8, preferably is between 0.6 and 0.7, particularly is about 0.65). 

It is clear that the assays of this invention can be readily adapted by one skilled 
in the art of the field, for example to suit the needs of the particular cell type, 
tissue or explant or of the particular species from which the cells, tissues or 
explants are derived. Furthermore the assay can be adapted to assay a 
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peculiar aspect of fitness of cells, tissue, explant or organism. For instance, rt »s 
possible to apply a type of stress dfferent from osmotic or sart stress, such as 
stress brought about by extreme temperatures, by sublethal treatment wrth 
chemicals (e.g. herbicides, heavy metals) or by irradiation wrth UV. 
Furthermore, other types of PARP inhibitors, as mentioned before may be 
used within the indicated concentration ranges. Although it is believed that for 
the purpose of the assays defined here. TTC is the most suited substrate, 
other indicator molecules .such as MTT (3-(4.Wimethyrthiazol-2-yl)-2.5 
diphenyl-2H-tetrazor.um) can be used to measure the electron flow m the 
mitochondrial electron transport chain downstream of the "ubiquinone pool". 

Unless otherwise indicated all experimental procedures for manipulating 
recombinant DNA were carried out by the standardized procedures descnbed 
in Sambrook et al.. 1989. "Molecular Cloning: a Laboratory Manual". Cold 
Spring Harbor Laboratory, and Ausubel et al. 1994. "Current Protocols in 
Molecular Biology", John Wiley & Sons. 

The polymerase chain reactions ("PCR") were used to clone and/or amplify 
DNA fragments. PCR with overlap extension was used in order to construct 
chimeric genes (Horton et al, 1989. Gene 77:61-68; Ho et al, 1989, Gene 
77:51-59). 

All PCR reactions were performed under conventional conditions using the 
Vent™ polymerase (Cat. No. 254L - Biolabs New England. Beverley. MA 
01915, U.SA) isolated from ThAmnmccus litoralis (Neuner et al., 1990, 
Arch.Microbiol. 153:205-207). Oligonucleotides were designed according to 
known rules as outlined for example by Kramer and Fritz (1968, Methods in 
Enzymology 154:350), and synthesized by the phosphoramidite method 
(Beaucage and Caruthers, 1981, Tetrahedron Letters 22:1859) on an applied 
Biosystems 380A DNA synthesizer (Applied Biosystems B.V.. Maarssen, 
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Netherlands). In the examples MS medium means Murashige and Skoog 
medium (Murashige and Skoog, 1962, Physioi. Plant 15:473-479). 

In the following examples, reference will be made to the following 
sequence listing and figures: 

Sequence Listing 

SEQ ID NO 1 : T-DNA of plasmid pTHW107 

SEQ ID NO 2: plasmid pTS172 

SEQ ID NO 3: PT72 promoter contained in plasmid pTS772 

SEQ ID No 4 : plasmid pVE136 

SEQ ID No 5 : T-DNA of plasmid pTHW142 

Examples 

Example 1 : Tissue culture of wheat embrvoaenic callus and Brassica napus 
hypocotvl explants in media containing a PARP inhibitor. 
Wheat embryogenic callus was cultured on W2 medium (see Example 2). 
When niacinamide was added as PARP-inhibitor to the medium at a 
concentration of 250 mg/l (approx. 2 mM) it was observed that after 4 days the 
growth of the tissue was slowed down considerably (to approximately 30% of 
the normal rate after 4 weeks) but the tissue remained viable for extended 
periods of time (i.e. at least one month). If niacinamide was subsequently 
removed from the medium the tissue started to grow normally again. It was 
also observed that after 4-5 days of incubation of the plant tissue with 
niacinamide, the TTC-reducing capacity (Towill and Mazur, 1975, Can J.Bot. 
53:1097-1102) of the tissue was substantially decreased probably indicating a 
reduction of the production of free radicals and decreased mitochondrial 
electron transport. 
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Similar observations were made when Brassica napus hypocotyl explants were 
cultured on A5 medium (see Example 3) containing 250 mg/l niacinamide. It 
was also observed that, in Brassica napus tissue cultured on medium 
containing niacinamide, no anthocyanin was produced; normally anthocyanin in 
tissue culture is produced in stress conditions. In addition it was observed that 
after 4-5 days of incubation of the plant tissue with niacinamide, the 
concentrations of hydroxyl free radical and dehydroascorbate in the explants 
were drastically decreased. 

It was also observed that, after a 4 day incubation in niacinamide containing 
medium, the percentage of cultured cells that were in G2 phase of the cell 
cycle was considerably increased (up to 45 % of all cells in the culture). 

The above observations are interpreted as indicating that treating cultured cells 
with a PARP inhibitor for about 4-5 days generally results in : 

1) a significant reduction of the response of the cultured cells to stress as 
measured for instance by free radical and/or anthocyanin production , and 

2) a reduction of the general metabolism of the cultured cells to a very basic 
level as indicated by the fact that the tissue growth was slowed down, and the 
TTC reducing capacity was decreased while the tissue remained viable. 

It is inferred that under these conditions many genes in cells (e.g. cultured 
cells) that would normally be switched on in response to stress (such as during 
transformation conditions) will in fact no longer be induced. It is expected that 
in such cells which only display a very basic metabolism, mainly general 
"housekeeping genes", i.e. genes that are expressed in any cell irrespective of 
its differentiated state or metabolic or physiological condition, are expressed. 
As it is believed that foreign DNA is preferably inserted in portions of the 
genome that are transcriptionally active it follows that treatment with PARP 
inhibitors will condition eucaryotic cells to incorporate any foreign DNA 
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preferentially in genomic regions which are transcribed in all cells and not m 
regions of the genome which would only be transcribed under certa.n 
conditions, i.e. stress conditions, or during differentiation. This means that the 
number of locations in which foreign DMA will be integrated, and the 
concomitant variation in expression profile of the transgene(s). will be reduced. 
It is further believed that this will enhance integration of foreign genes of 
interest in such locations which in turn will result in a more reliable and faithful 
expression of these genes which will be less affected by cell differentiation or 
cell physiological and biochemical changes due to for instance environmental 
conditions. 

Fvample 2 : Transformation of wh^at with a bamase gene under the control of 
a stamen-specific promote r using the particle bombardment 
The Wheat Spring variety Pavon is grown in a greenhouse or conditioned room 
at 23-24°C during daytime and 18-20X at night, with a photoperiod of 16 hours 
light and 8 hours dark. Developing seeds (white-greenish with white semi-liquid 
endosperm) were harvested, sterilized by incubation for 1 minute in 70% 
ethanol followed by 15 minute incubation in 1.3% NaOCI+ 0.1% Tween 20, and 
washed with sterile water. The sterilized seeds were either used directly or 
were stored for one day at 4-7°C. 

Immature embryos of about 1 mm in size were isolated and were placed, with 
the scutellum upwards, on callus inducing medium W1 (MS medium 
supplemented with 3% sucrose, 40 mg/l adenine.S0 4 , 0.5 mg/l thiamine.HCI, 
0.5 g/l 2-IN-Morpholino] ethane sulfonic acid (Mes) pH 5.8, 0.5% agarose, 0.5 
to 2.5 mg/l CuS0 4 .5H 2 0, 25 mg/l acetylsalicylic acid and 2 mg/l 2,4- 
dichlorophenoxyacetjc acid (2,4-D)) and were incubated for 3 weeks at 27°C in 
the dark. 

Embryogenic sections of the developing callus were isolated, placed on callus 
maintenance medium W2 (W1 medium but without acetylsalicylic acid and with 
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on* 0.5 mo, C«VW and 1 mg* 2.4-D). and incubated for 3 weeKs **- 
25 4 in *e ,i 9 h, (appro, 20 «MMT (rth a photopenod of 16 hours 
liqht and 8 hours dark). 

^ou. 2 weeks prior to bombardment the ca»i were oieaned up by removal of 
non-mcrphogenic (i.e. the nonembryogenic and nonmenstematic) parts and 
were subcuttured on W2 medium. 

For bombardment the calli were divided into small pieces with an average 
maximum diameter of about 2-3 mm. These pieces were placed at the center 
of a 9 cm Petridish containing W2 medium in a circle with a diameter of appro, 
0 5 cm When required niacinamide (250 mg/l) was added to the W2 medrum 
and the tissue pieces were maintained under these conditions for 4 days after 
they were bombarded. 

Bombardment was carried out using the Biolistic PDS-1000/He apparatus (Bic- 
Rad) Preparation of the microcamers (0.4-1.2m) and the coating of the 
microcamers with DMA was essentially carried out accord.ng to the 
manufacturers instructions. The Petridishes containing the calli were placed at 
level 2 of the apparatus and the bombardment was done at 1550 ps.. 

For the transformation experiments the following plasmid DMA was used. 

. P . a *mid DVE136 . the sequence of which is given in SEQ ID No 4. Th,s 

plasmid contains the following chimeric genes: 

- P35S-bar-3'nos 

. pr.Afi5 -bamase- 3'nos 

in which P35S is the 35S promoter of the Cauliflower Mosaic virus, bar is 
a DNA encoding phosphinothricin acetyltransferase (EP 242236). 3'nos is 
the 3' untranslated end of the AarobacMium T-DNA nopaline synthase 
gene. PCA55 is a stamen-specific promoter from com gene CA55 (WO 
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9213957), and bamase is a DNA encoding bamase (Hartley, 1988, 
J. Mol. Biol. 202:913-915) 

plasmid DTS172 the sequence of which is given in SEQ ID No 2. This 
plasmid contains the following chimeric genes: 

- P35S-bar-3'g7 

- PE 1 -bamase- 3'nos 

in which in which P35S is the 35S promoter of the Cauliflower Mosaic 
virus, bar is a DNA encoding phosphinothricin acetyttransferase (EP 
242236), 3'g7 is the 3' untranslated end of the Aorobacterium T-DNA 
gene 7, PE1 is a stamen-specific promoter from rice gene E1 (WO 
9213956), bamase is a DNA encoding bamase (Hartley, 1988, 
J.Mol.Biol.202:913-915), and 3'nos is the 3' untranslated end of the 
Aorobacterium T-DNA nopaline synthase gene, 

plasmid dTS772 which is identical to pTS172 except that the region 
between nucleotides 2625-4313 of pTS172, containing PE1, is replaced 
by the sequence of SEQ ID No 3 containing the PT72 promoter. Thus, 
plasmid pTS772 contains the following chimeric genes: 

- P35S-bar-3'g7 

- PT72 -bamase -3'nos 

in which PT72 is a stamen-specific promoter from rice gene T72 (WO 
9213956) 

The bombarded calli were transferred to selective medium W2 containing 2.5 
mg/l phosphinothricin (PPT) and, if neccesary, 100 mg/l niacinamide. The calli 
that were placed on medium containing niacinamide were transferred after 4 
days to niacinamide-free W2 medium containing 2.5 mg/l PPT. The cells were 
cultured at 24-25°C. 

After two weeks the calli were subcultivated on W2 medium and after a further 
two weeks the growing parts of the calli were transferred to regeneration 
medium W4 (W1 medium but without acetylsalicylic acid and with only 0.5 mg/l 
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CuSO4.5H 2 0 and 0.5 mg/l 2,4-D). Calli were subcultivated every two weeks at 
which time the nonmorphogenic parts of the calii were removed. When the calli 
started to form shoots they were transferred to W5 medium (W1 medium with 
half concentrated MS medium and only 0.5 mg/l CuSO 4 .5H 2 0 and without 
acetylsalicylic acid and 2,4-D, but supplemented with 50 mg/l myo-inositol. 0.25 
mg/l pyridoxine.HCI and 0.25 mg/l nicotinic acid) containing 2.5 mg/l PPT. For 
the rest of the procedure temperature was maintained at a maximum of 24°C. 
The calli were subcultivated every 3-4 weeks. Once the shoots started to 
elongate and small roots started to form, the whole calli (or rf possible individual 
shoots) were transferred to 1 liter vessels with W6 medium (half-concentrated 
MS medium supplemented with 1.5% sucrose, 50 mg/l myo-inositol, 0.25 mg/l 
pyridoxine.HCI, 0.25 mg/l nicotinic acid, 0.5 mg/l thiamine.HCI, 0.7% agar 
(Difco) pH 5.8 and 0.5 mg/l CuS0 4 .5H 2 0) containing 2.5 mg/l PPT. Once the 
shoots and roots had grown out, individual shoots were separated from each 
other and transferred to 1 I vessels containing W6 medium with 2.5 mg/l PPT. 
Well developed shoots are tested for PPT resistance by means of the TLC 
assay (De Block et al, 1987, EMBO 6:2513-2518) or by direct assay of 
ammonium production in the tissue (see e.g. De Block et al, 1995. Planta 197: 
619-626). Transformed shoots were finally transferred to the greenhouse into 
soil. 

For analysis of the results the transformed plants could be subdivided 
according to the niacinamide treatment of the parent calli during tissue culture. 
Thus the following groups were distinguished: 

Group Niacinamide treatment 

None No treatment 

Before 1 00 1 00 mg/l niacinamide for four days prior to bombardment 

Before 250 250 mg/l niacinamide for four days prior to bombardment 
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Before/After 



250 mg/l niacinamide for four days prior to bombardment 
plus 100 -mg/l niacinamide for four days after 
bombardment 



Results of the experiments are presented in Tables 1, 2 and 3. Plants could be 
obtained only from bombarded calli that were treated with niacinamide. 
For the plants that were transformed with plasmid pTS172 it was demonstrated 
that the foreign DNA, comprising the chimeric PE1 -bamase- 3'nos and P35S- 
bar-3'g7, was stably incorporated in the wheat genome in 2 to 3 copies on the 
average. The fact that variation in expression profile (e.g. tissue-specificity) of 
the transgenes, especially the chimeric bamase genes, was decreased in 
transformed cells was evident from the fact that male-sterile plants that 
otherwise looked completely healthy could be obtained only from bombarded 
calli treated with niacinamide. It is believed that this is due to a more faithful 
expression characteristics (i.e. lack of expression) of the integrated stamen- 
selective bamase gene in these calli and shoots regenerated from these calli. 
In the control calli undesired expression of the bamase gene in tissue cultured 
cells might have prevented recovery of any transformed plants from these calli. 
It is expected that to obtain the same number of male-sterile wheat plants from 
control calli a much larger number of calli would have to be bombarded. 
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Results of wheat transformation experiments 
Table 1 : 



Plasmid pTS1 


I72 


Treatment 


Nrof 

bombarded 
calli 


NrofPPT- 

resistant 

calli 

recovered 


Nrof PPT 
resistant 
plants 
recovered 


Nr of MS 

plants 

recovered 


None 


60 


30 


1 a) 


0 


Before 250 


125 


30 


3 


3 b) 



bar gene 

b) The obtained plants looked healthy and tillered vigorously 
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Plasmid pTS772 



Treatment 



Nrof 

bombarded 
calli 



NrofPPT- 

resistant 

calli 

recovered 



Nrof PPT 
resistant 
plants 
recovered 



Nr of MS 

plants 

recovered 



None 



250 



22 




Before 
250 



210 



Before/ 
After 



210 



45 



6 



3 a 



a) The obtained plants looked healthy and tillered vigorously 

b) Only six plants could be analyzed for MS phenotype since one of the plants 
died prematurely. 
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Table 3: 



Plasmid pVE136 




Treatment 


Nrof 

bombarded 
calli 


Nrof PPT 
resistant 
plants 
recovered 


Nr of MS 

plants 

recovered 


None 


200 


1 


0 


Before 
100 


800 




8 



a) The obtained plants looked healthy and tillered vigorously 
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py a m p.P a: Trans'—*™ «f °i>seed rape with a bamase gene under the 

^ntrm of a s » ~**~Mc promoter using Agrohacierium mediated 

transformation. 

Hypocotyl explants of naous were obtained . cultured and 

transformed essentially as described by De Block et al. 1989. Plant Physiol. 
914:694-701 except for the following modifications: 

hypocotyl explants were precultured for 3 days on A2 medium (MS, 0.5 
g/l Mes (pH 5.7), 1.2% glucose, 0.5% agarose, 1 mg/l 2,4-D, 0.25 mg/l 
naphthalene acetic acid (NAA), 1 mg/l 6-benzylaminopurine (BAP)), and then 
transferred to the A2 medium with or without niacinamide for another 4 days. 

infection medium A3 was MS, 0.5 g/l Mes (pH 5.7). 1.2% glucose, 0.1 
mg/l NAA, 0.75 mg/l BAP, 0.01 mg/l giberellinic acid (GA3) 

selection medium A5 was 0.5 g/l Mes (pH 5.7), 1.2 % glucose. 40 mg/l 
adenine.S0 4 , 0.5 g/l polyvinyl-polypyrrolidone (PVP), 0.5% agarose, 0.1 mg/l 
NAA, 0.75 mg/l BAP, 0.01 mg/l GA3, 250 mg/l carbenicillin, 250 mg/l triacillin, 5 
mg/l AgN0 3 . 

regeneration medium A6 was MS, 0.5 g/l Mes (pH 5.7), 2% sucrose, 40 
mg/l adenine.S0 4 , 0.5 g/l PVP, 0.5% agarose, 0.0025 mg/l BAP, 250 mg/l 
triacillin. 

healthy shoots were transferred to 1 liter vessels containing rooting 
medium which was either A8 or A9; A8 consists of 100-130 ml half 
concentrated MS. 1% sucrose (pH 5.0). 1 mg/l isobutyric acid (IBA), 100 mg/l 
triacillin added to 300 ml perlite (final pH 6.2); A9 consists of half concentrated 
MS. 1.5% sucrose (pH 5.8) solidified with agar (0.6%) 

Hypocotyl explants (with or without niacinamide treatment) were infected with 
A nmh a rterit.m tumefaciens strain C58C1Rif carrying T-DNA vector pTHW107 
and a helper Ti-piasmid pMP90 (Koncz and Schell. 1986. Mol.Gen.Genet 
204:383-396)(or a derivative thereof). 
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Plasmid pTHW107 is a vector carrying a T-DNA comprising the following 
chimeric genes : 

PTA29 -bamase- 3'o7 

PSSU-bar-3'nos 

in which PTA29 is the promoter of the TA29 gene of tobacco (EP 344029) and 
PSSU is the promoter of the gene of Arabidoosis thaliana encoding the small 
subunit of Rubisco. The complete sequence of the T-DNA of pTHW107 is 
presented in SEQ ID No 1. 

Where required niacinamide (250 mg/1) was added to the media for the last 4 
days prior to infection with Aarobacterium . Plants regenerated from 
transformed calli obtained on niacinamide cultured cells were observed to have 
a low copy number as well as to display less variation in the expression profile 
of the transgenes (results summarized in Table 4). Five plants regenerated 
from the calli obtained by transformation including niacinamide and five plants 
regenerated from the calli obtained by conventional transformation without 
niacinamide inclusion, were analyzed by Southern hybridization to determine 
the copy number of the transgenes, and were further analyzed for reproductive 
phenotype. In the non-treated group, a substantial number of regenerated 
plants proved not to have a transgene integrated in their nuclear DNA. 
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Table 4: 



Treatment 


Id. 


Vegetative 


Reproductive 


Copy No. of 


Phenotype of 




No. 


phenotype 8 


phenotype b 


the 


the F1 -progeny" 










transaenes c 




no 


1 


stressed 


sterile 


3 


stressed/sterile 


treatment 


2 


stressed 


sterile 


4-6 


ND 




3 


stressed 


sterile 


3 


stressed/sterile 




4 


normal 


sterile 


1 


normal/sterile 




5 


stressed 


(bud fall) 


ND 


ND 


Before 


1 


normal 


sterile 


1 


normal/sterile 


250 


2 


normal 


sterile 


3 


normal/sterile 




3 


normal 


sterile 


1 


ND 




4 


normal 


sterile 


3 


ND 




5 


normal 


sterile 


2 


ND 



a. Vegetatively stressed plants have a small size and flower early, leaves 
are oblong and dark green. 

b. Reproductive phenotype regards male sterility; in flowers where the 
buds fell off prematurely this phenotype was not scored, except where 
some buds resulted in flowers. 

c. Copy number of the transgenes was estimated by comparative 
Southern. ND: not determined. 

d. F1 -progeny was obtained by pollinating the transformed plants with 
pollen obtained from an untransfonmed N90-740 line. F1-Progeny 
resistant to phosphinotricin was scored for vegetative and reproductive 
phenotype. 
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r ...- r ,. + Anmh, — - tren^mntion of oilwrt n,pe using 

nisrinamide ir ""»""' medium. 

Hypocotyl explants of Bras^rBm were obtained as described in Example 

3 Four groups of 200 hypocotyl explants each, were either not treated with 

niacinamide (indicated in table 4 as NONE), treated with 250 mg/l niacinamide 

to 1 day prior to infection v*_Asiobjcteriym (BEFORE), treated for 2 days 

during the infection with 250 mg/l niacinamWe (DURING), or treated for 1 day 

after the Anmhacterium infection with 250 mg/l niacinamide (AFTER). 

All hypocotyl explants were infected with ^roharterium tumefaciens strain 

C58C1Rif canying T-DNA vector pTHW142 and a helper Ti-plasmid pMPM 

(Koncz and Shell, 1986 sufiS)(or a derivative thereof). 

Plasmid pTHW142 is a vector carrying a T-DNA comprising the following 

chimeric genes: 

PSSU-bar-3'g7 
p35S-uidA-3'35S 

In which ujdA is a DNA encoding glucuronidase (Jefferson et al.. 19B6, Proc. 
Natl. Acad. Sci. USA 83, 8447-8451) and 3' 35S is the 3' untranslated end of 
the cauliflower mosaic virus 35S transcript. 

The complete sequence of the T-DNA of P THW142 is presented in SEQ ID No 

5. 

After the Agrobacterium infection, hypocotyl explants were transferred to 
selection medium A5, and if appropriate to A5 medium containing 250 mg/l 
niacinamide. The hypocotyl explants that were placed on medium conta,n,ng 
niacinamide were transferred after 1 day to niacinamide-free selection medium 
A5 After 5 weeks on selective medium the number of transformed calli was 
scored, b-glucuronidase expression was verified in the obtained calli using 
established protocols (Jefferson et al.,1986). The results are summarized in 
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Table 5. Niacinamide treatment either before or after the Agrobacterium 
infection significantly increase the transformation efficiency. 



Table 5: 



Treatment 


Transformation 
frequency 8 


Remarks" 


NONE 


16% 


small, green calli 


BEFORE 


32% 


large, green calli 


DURING 


16% 


very small, light green calli 






large, green calli 


AFTER 


29% 


developing shoots 



a. Determined as the number of transformed calli (PPT-resitant and GUS- 
positive) developing per 100 hypocotyl explants 

b. Size determination was as follows: 

very small: callus diameter of approximately 1-2 mm 
small: callus diameter of approximately 2-3 mm 
large: callus diameter of approximately 5 mm 



All publications cited in this application are hereby incorporated by reference. 



